K HI

TEr—4KkA
i Bl #2

i
A

il

J

i5%4 A7 - VOLUME 123/ NUMBER 2C -

e
m

% ek
I
th A SR AE 77 W0 o

5
#) 20

T
© J. Henry Fair

=
ER

<
=k

1/}

T

o —
¥

7 D




RSB Ehp

SRAFTE U ERZ R )iz 40 A THLserh, R LLTC
o WARGIE ZARE G )0 P FIE IS 42 U 72 rh o

B A — BE S R, XN R AT

B2 Wy 2 —Fh TENORM (A g 384 1 A9 R SR il
S} P& ¥ Bt technologically enhanced naturally occurring radioactive
material 45 ) ——RI, 2o W4 sl i HA A F-Blifg A28
T H 2B RN EY R (NORM ) o S8 FAR Sk H 24 i
JRE TR L XGT T8 S5 2 2 R O A B Y T B A P A R

WVFTEES IR D a8 L, A WA My LB 47 3 Je M T
i, MR R B2 (KR ) Boxt B FE 8 i UA #E17R
SRTFR, [HIZ M B SE [ 2011 2 2012 48] A 5 1 6 A 72 4
3 56 [ 54 A SR ML B 2 5% Mark Engle /47, S5 22830 LASHA™ &
SR M, FR-226 (HIAYSEAR =) ) AR BETE TUA TR Ik
AaEhK TP Rr e AT 10000 SR B (pCi/L) .

HAT, BhIAT AR N 51N R i e B ok T NI AR Y
WREAR /N, 5 A7 B e WA BB R 4758 (PADEP ) HY{E 2 % XK Lisa
Kasianowitz U, H AT BT UESE 2 B2 AR TN 1 i 33X 284 Joi fir
BORAT AR SN R EE S o (H i Tz REEHE, X PR T
ANITENGMFIH XL RE L,

(FESEERE) 201666 8FI - VOLUME 123 / NUMBER 2C 11



Ehp TRIE

EWR GG

K NERR , SRR —
F4E VA B K R f 35 B 7E M0 2
Bk (Frzh “Hw” A R
K7 ) —— g TUE
PR K ISR Ax . ST R £E
e B TR T8 TR 5
R, R R A e A R R
MRS R . A 2R, i
BRI A SRR, JURCH
.

A 0 1L 2 030 3 M\ T K e
Wi, 7EERE T RSSO A
By KSR o T R S
ST IS ] s
VR . KR LB B i 5

BN R BRI AL “ANIRIRARR” %
Sio SR, AGIE IR AT AT RE S
2O, AHGERREE S 3K e W FH AR
M J5 e R I TRYT A SR A A T 1 i
e

201 34F X 1 v BRI M L N R U
b XA A it ) — 35T/ N LB S U0 K
g e PEVEAG BEAT I . PR A 51
RE T SR A A R A
FIWINORMIE YR B A5 5 S i i
1579 B4 b —— DL S H A TR R 28
PRSI B O AR R o R A U
EEATa B R R ek, (B4
— AT B S I A PR
A8ff . “HEIERERAEN, PP
AFRHOHYER R, MAEZIETA Y

PRI, P HE R K FRE R
HA R Z VR K LS . [F4E4
H', PADEPZRFTA 1 ZE 8 iy vl
BY7K 1 A A5 A 7K % 2 b B
J~, Kasianowitzii . IR AR il
PR, AR —ZERAE K 250 - f
TR L A 48 G A R K
BH At B A B YW i & 1)
O R A 2 T A B S A T AR R
Mo

M FE AL 225 Avner Vengosh4T
B FE s R 2E R T DGR B T — 15
TRALFR ™ ——52 47 35 Je WM 74 e # 11)
)R REE KA B —— I HER B 75 7K
HREIE . SR B LG Biif AR
WU Th RS PR RS A ), ek

Nl R ARERE (kHER ) EHDENGRE R
b

12

| XASFR, BESERIEMEAEE2011E20124 4

EREREMESN, SEHHAMT FERER;
18-226 (HMIRE"Y ) HIREERERLHREZD K P

] §E

B, G FseeL. KEZS . Sh,
PR R TR B BRI

JIE W38 Wik N e AT IR AR
REKML, INATFRZ IRGTRIK I o
A R T IUE RIR IR A K IE 1%
HadRE />, {HHEKasianowitz/t 4, =
KR WINAE 25 AL P B K, &
U K RS A ] — A~ R 2k
AL D U WA . REE
ANKIERECEE AT RETE 22, (H b 155X 4
Ik B 1) P P 1t 32 B P T B T Y
FIIF HARPU g -

RERE KM BRI
T2 A7 5 JE M R M B K v A b
H ) SRL A 1SR BEAS /N T30 23
oF, JF BAREE LB E LIB i ER . fZZ

110000 pCi/L,

BORPEARZR , ATRESRAG N T &
PANIEZRE SR P (B ]
#o

MR Kk

B R ZBUE KA R Z AL
MEELEMA, SR ZE K
W OEHRYEIICRBOE) o —/NEB
IrEEA R JE AN B 7K 1 R BR K AT
Ze i Ab S B HE R B K AR T, BR
A B A BT AL BRAR TR A ) A
FE)YFRIE, KasianowitzIt..

AT, X T E ZEEETNORM 5C
HETAERE A e i e K A4
JRHETETF, 201 14E07, KESRH
IR IR FE Bk 2 Rl PR B S K Ak

(HIESEERE) 20155FE6HT] - VOLUME 123 / NUMBER 2C

1K BB PE T B T 90% o UM PE
WA IFEE R T, VR KER SR
Al e R AR I DL A & BRTE DT
Yrrh, TR 2 B R B R )
i,

HE 0 3t 0 AR W v 0 TR K
FAAR R, BEARANA T R,
BAE 24 b ) B0 0 B A 2 B
W o HEBCS SN DU Y BCER K T
& LU 20015% . i 0F A4
SRYE L AR 22 HA M T Y A i A
BRI T REAFAESR & B, X et
T3 17K 3 Fs 245 T RE 23 B HE s 3 245
1,7 Vengoshifi o

AL R T AL B AR KT K
FEI0 53— A TEAERE IR . KER AR K



RSB Ehp

THBY, ATRES KRR HL
YR SRAH BE R 45 ST UK K 15
gy, =paike. XL fh s S5HT.
B B 2 RGBT G . AL TR R
RN RARE , AT R i 10 L
Ak IR T L R MR T R —— X T
TR AR AL BT AR AT TR S

rEEE

201 VARBUR R fe , AN Yy
TREK I IR ECE &7 R N
AR AN B BT A
A XM, N 68 i
KT, N A 1778, 18
T BTN A ST

TR IE KA S A T

“MREB—HFEMRBIBAENG M, BAXH

1981115 S RV S (1]

TI—WHFR RN, HE R KT RE
i AR EIEBRNRKZ T, R
LR A RIS /Y,
EZBIF TR A Ry X SERPAE 7 i fif
L6 4ih Jy 0 5 &7 B K ) R BT B T
g,

> B ) B R J2 T K I 1 8
i, Vengoshﬁﬁ, “PEFprA, BB AN
HIES TR, 7 AR AR, At
uh, RRREEE 2T e A2 an
HUYOKZEERN, AT IR
FRERMIRK RS, 7 i, “aR
i HA RN, atekd
WiTREK s, 7

FRTE -3 i SR AT R 5 OB AN ] .
MR S50 = PRI oK S B4R A
A 5% P PG Lo LR Y 1 SEREAC
RE, BB NEMA LR, Xa]
AEE LEBUEWE IR . X —
g5, 7 ERGIE,  “RUINCYER
ALK L = 7

[ A 1 3% 6 Al T DA % 3] S
Yo T B 3 8 37 04 0 BR A
& MBEE, M5~50 pCilgh%E,
Kasianowitzift, H20014-5E4 2T
T4 BESR TR T b7 R S 3742 8 i
SR A, 7K g Hs 24 358 U8 R T 44
AR A S . 201248, EATIY
Hi0.5% B B . BT P& m
TG K P AN 3 L IE XA AR A 4

O st ER Y ERTEMFE RS MR SRR RIE
W—TaEMARREN. HERME, " RS

+ A 53%1E T #HI¥Radisav R. Vidicii, Bt %72,
“FRBES—NMTUHSEE, FUTLEELETESE, ”

R KA ZEZ T, #H, kil
HIXREAE T 1E 15 G B Z IR K
XA

B2 T 3K A] B — A R
PR . 7K )RR AR e A
T SRR HE, W E R AR K
AR TEIK I AT BEAN RS A 1Y) J5E R ——
T B i R 2 —AF (Y B[] 4 fiE
WA, KX Tom Myersii, f7E
20124 22 T —Fa /KR40 T 17
K HIREAUBTSE .

MyersZess, 0 [A] 5 T 1 % (0
R 1 S i s R KR DL B OK R
FHAC AW s Pz W3R, i H AR
F4) 1 BT[] 25 85 W] RE RS 2 b T4E .
IK T7 Fe BLIX A A i J= R TR

S EfE AR

KN FEZEY BT SR
A7 BB, AR K AE R
TEFEERUGH], SRR TS T E B R
P, ARSI, A
2R WAN SLVF A IZ N T 1175 L
T AEIK Ty R K T 38 6 B A A B
UKo VAT X 2 A ER I T V]
T, AHAEARR

T H A S I v AR AT R E
P, XRETHEHERA (HRD,
iy rh—FheE W AT ) RN
fBeis . SR, 25 PH PG LN B ) 9 LA
5 i Charles Swann M [FZ 1 2 A
TR R, 43 HOrE FH B IR ) b i)

(FEESRERE) 2016F6 8T « VOLUME 123 / NUMBER 2C

F, 7 20124E AR E AR A A AR
SRAAEIERIN B 2] ( State Review
of Oil and Natural Gas Environmental
Regulations ) 5 1)—1) A RE A 1k
JESE MK ) 2R th S 3
PADEPJH S #iB)j &y Ji K Dave Allard4i
RN A IR AR B
AR, IREGESHRBNEE . £
B, ORISR I b

WHHRE

TERIRZT, JUFIrA m e
JPERA LR O PR AR, T E
ARATEREE N KA TIR . (T
fieikgE (1954) ) (Atomic Energy Act
of 1954 ) Fl (AR VBV M) BUR

13



ehp TRIE

14

%:25Y (Low-Level Radioactive Waste
Policy Act) #AEL T NORM, 2 E#%
PR 23 R ORI S B S 9 <
). A INERAS AR . RE 1989
AR 22 A R FRAE B Ry 1 22 2 N 1
g3, NORMEBEEIR “feid Ll g
REZBA S MNP EHR, TARE
133 — JB O 7

I FE R K O R SR AR R
W, LA O H U S Ry 1
A O R, I A RHAZE
g i RIS B B AR/ TR 1 22
B “FAVRM AN oK (A]
) SAHE-226, 7 EA KBTI
A PRI (BRI H A9 AL T g 2
FDavid Brownii. “H4G AFTHIGZ

rE

Christopher Impellitteritii

ZIREP AR 5 A3 45 Al b 3% 1t
# . WIHK . RABAK I ERE
IR PR B IR B LEE M . Horp
— TSI H RAAUZ KA AL
M iRz, s, B
FFE NS0 28 IF ST AR 2 4 A I /K b P
AVER S F 5 G i VA i s
o SREEMTKEEA, KillFR-226.
#h-228. B o M1 B UM . BEBIIA
(EETZ

NGRS 2 O o R, R
AFBA P B fER k. A—
B A2 2, AR RV
W R RES [ HAMRAAE , AN o JE i
RAKBRASR 25 R IR . A A

gz 5

A SRR ) A R SAR R AR L |
EET X4 KRR R 2
BWRTWE . WRE—fGE A IR
AR I A, IR A X R P A
A7V JE M B 55 v 1) 532 e gl 2 g 81 e
fiX, PMBATESFIAK, ~ PLgges
Kot RS 385 TR # HZ Radisav R.
Vidielit, “ME— AT RERYIRISIE Sk |
O . 7 AAb T, XA
BTl AR & A, BT LAJCRERE Ik
BRE, 7

Vengoshiji, PADEP#{E T
A SCK T SR A i RS
b, sh, Mul TR R A
A, A5l SR T A Bl

D B % T i 5t K B R W 2 R v VA R B W T R
B SASE, AT EMEBEREENRAE, MANEDELHETH

KFEDEW—HZRILEEIE, TR R T R =

MARZHEK

FATE] FRATH R AK 2 40 B,
LA FAmE 7

PADEPIEZERFFE N PR AK 1 4
SRR TE R EE R . PADEPHESCIY
FEAREIEAE . SRk, et &
AR TS A AR B YR . A UE N FEOR I
FARA . WIHEERAEE L5 .
B Wis iR % . PADEPWLAPEAL
Yy BEAKARER) T BEAK R A
Y i gk

KENEE (EPA) LIEFERFSR
X — [m) A, A VR A 2 R K B
TR, ARG PE . 201448
K, EPARFGERIPIRIG A, NIF
fERA AR WA FEATIF,, EPARZK
DR A5 BEAF 5 S 6 % /K o A B AR AR 4K

M9 o BRL 2 v B4R, SRR GY
AT REHGIN 4 B AR hE KUK o 4R-226 0
B5-228 1921 32 11 43 R 16004F F15.75
o AEH, SHaETEHESY) .
HARSI AR K AE, EE ik
WA BB IS, &, HEEN
B A22210 2 3.8 K

M PR AL 2= R, &4 Y
RIS, &2 —FiETEAUR, Bk
AN HHMITR RN, #8H e H R
e MR K i o g b ok . R
LB, HRIR AT I AL TH
PeH IR KA, HB R
EFEMEEIRE, DRI
SRS D R HE R 2 <

(HIESEERE) 20155FE6HT] - VOLUME 123 / NUMBER 2C

“—BEKRDERBHBEED, ReBHAHE
FEETR, ” HEXFMHERVengoshiji,

FIR K AR R R AR AR AT R Y
BT, REA XK I ERAER
INE AR 5 R fife = S R ALk 3RS B 1Y [
L, Engleiii, ik x4 m] & J5
RITETAT IR # K Z B B 2 (54T L
Fax sefE Qal wHR R T LA,
{HSwanniii 5 % P4 P4 LL N B9 A 72 B A

YRSV /NI <7 A 7
FRE R A EME At By, IR
£ 0% IR (RS A S P B u (A W0k i

B, FATA RRUCER BDIR4 2 1 F i
FERREAS, 7
2013412 7 Pl iy pE s R 1,
AT BEA — FoB 1 J7 2 Ak BK ) 2
JRIK B . Vengosh Al [E] F41]
L5 b LU A 4 DK R R PR B 4 2 K



RSB Ehp

(AMD) 543k, #FoE/aEENK
T EZOKIEH AT REME . AMD—JFR
XA 32 244 X B R 1 35 U T ———AF
— i [X I —Fh B A K P T5 Y
SRR RN, K FAMDHIR
B W28 1] 3 H A NOR MK VL3 A
H, A FRK PR BK T EPATK
FHAKbRUE

YEB IR, B ENT BT LA
B ISR 1 8 K R 2 T 3 G R
WAL IR K o B0 T Tk AL

a R BHBRXT
il

1, Vengoshibl, ARIXFR IR AEXT
AMD& BT, 1M H.AT ATEAK I
ZUEML P AR K TR, AN
AT S G PR RS R R o
KRR 5 A B I A 25 Jm B it T
A K o B HEIX TR K ) %
YITESR S IS T AR v A AT
W TE X A A 2 1 P o T
H R ZE B i) 7K 7 R AL — 1
Z AR Ik, A ST A B 1) A
WIERBUNAAN SR, “—HAEK

TERBHER B PR b, WA et
Pt B T2k, 7 Vengoshidi

Valerie J. Brown, JEJETHEHN, H1996

TFRNEHPIESC . 20094F MPA R BEAE1:

HHISIERE T IR LA TSR R
M MERES,

1 HEHP 122(2):A50—A55 (2014)

B & R

*ARLSE BRI P 53R 3L
RSk

http://dx.doi.org/10.1289/ehp.122-A50

“HEXS[IERBEZS R
HARKRFHPREN

PG R EIRIE R S R PP AT T ol SO B ST I BATE YDA KA e BB Bl 1 i iy

BRI AR . HAERA TR TR S @RAIBIFIE SO HITE (RSB EE ) A (PR SRR
B CP3OR) ZeETk, Bric B S TREGZRINITE, 5 THDERE, hRSSHEZR DA RS R
FALVD A B s R AR, RGBS TR, X — B R AT T SR [ A A PR TR AR B Y
ST BB T2 R, TP EPSR B O B T20155F1 A 21~22 H AR ENA G LR 2N A
TP W ARRAIR XU AN e BN ZE L T 22", HE— PR FIBRER VD A RSO AR RS IR A T
5, AR AR SRR . FA TS AT LR MIERISS T, FRIE A2 5 SRR RE TR L

R BAFRIRRI L o

T B BB & A e T P S (B SHALEES: ) VAT BRI 1Y 22371 SCFE
[1] T 550, VDR Z SRR ACS2IR e B, $REE Sl (haghl) |, 2010, 118 (2C): 2.

TR SRR TSRS BN FREE S L B2, 2013, 302):  88-92.
(3] 2R, TR, M IRIE, 5. WA R AR 8 Koo L85 R S5 L 1T A0 R S I B

21 Ree, dski, Kas v

2008, 25(2): 225-231.

[4] R4, o S0, T A, 55, VDR R R M DNAHENT I S5 3R 55 AR ST I DL A AT S 0L PR 22,

2008, 25(1): 8-12.

(5] 5550, FME, SREN. YhA KA URAI I 5.0 M A R G530 B ABEAEsZm. PR 5Tl R, 2008, 25(1): 1-7.
6] W 2850, TR, FSHE, S5 YR KA AR 5 T H 112 B2, FREE S50 EE2E, 2007, 24(5): 473-480.
[7] d5nm, ik4n e, BRZT. VbR AR ISR BUMI E AR DN AT 4 P10 S HR B2, 2006, 23(3): 185-188.

(FIESRERE) 2015568 T - VOLUME 123/ NUMBER 2C

15



